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Specification 

1. Title of Invention: Projection exposure device 

2. Scope of Claims: 
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(1 ) 



(2) 



(3) 



(4) 



(5) 



A projection exposure device that projects and exposes a 
pattern on a reticule onto a wafer through a projection 
?u f • x.^^^^^"' ^^^^ device comprising a special stop by which 
the distribution of intensity on the exit plane of a secondary 
light source which illuminates said reticule is made larger 
toward the periphery than at the center. 

The projection exposure device of claim 1 , wherein the special 
stop can be mounted immediately behind the secondary light 
source plane, with the shape of the aperture and the 
distribution of the transmissivity being so made that the 
intensity of light at the periphery is higher than the 
intensity of light at the center. 

The projection exposure device that projects and exposes a 
pattern on a reticule onto a wafer through a projection 
f- ^y^^®"*' said device comprising a special stop by which 
the distribution of intensity on the exit surface of a 
secondary light source which illuminates said reticule is made 
larger toward the periphery than at the center and a uniform 
stop that does not have any effect on the distribution of 
intensity on the exit surface of the secondary light source, 
said stops being interchangeable. 



The projection exposure device of claim 3, wherein the special 
stop and the uniform stop can be mounted immediately behind 
the secondary light source plane. 



The projection exposure device of claim 4, wherein the 
secondary light source has, in the front, a conical lens that 
enables the light intensity distribution, of light rays 
incident on a homogenizing optical system for forming the 
secondary light source, to make similar to resemble the 
distribution of transmissivity and shape of the aperture of 
the stop provided immediately behind the secondary light 
source plane. 

3. Detailed Description of the Invention 
[Industrial applications] 

The present invention relates to a projection and exposure 
device that forms a fine resist pattern necessary for 
producing semiconductor integrated circuits and the like. 



[Description of Prior Art] 

Figure 5 shows one type of conventional projection and 
exposure device. in figure 5, reference number 1 designates 
a lamp, reference number 2 designates elliptical reflecting 
mirrors, reference number 3 designates the second focal point 
Of elliptxcal reflecting mirrors 2, reference number 4 
designates an input lens, reference number 5 designates an 
optical integrator, reference number 6 designates an output 
lens, reference number 7 designates a collimation lens 
reference number 8 designates a reticule, reference number 9 
designates an aperture stop as a uniform stop, reference 
number 10 designates a filter, reference numbers 11 and 12 
designate cold mirrors (NOTE: diathermic mirrors), reference 
number 13 designates a lamp housing, reference number 14 
designates a projection optical system that projects the image 
of the pattern on reticule 8 onto a wafer by means of a lens 
or a mirror or a combination thereof, reference number 15 
designates a wafer, and reference number 16 designates an 
aperture stop. 

Conventionally, many of this kind of projection and exposure 
devices use mercury lamps as lamp 1 of the light source, and 
Zu""^^^ lines such as the 436 nm g-line, the 405 nm h-line 
ana the 365 nm i-line, or the continuous spectra in the area 
of these wavelengths. Consequently, it is necessary for lamp 
1 of the light source to have high luminance, and it is 
preferable for the lamp to be nearly a point light source in 
consideration of illumination uniformity and light condensing 
efficiency. However, because in practice this kind of ideal 
light source does not exist, it is necessary to use a lamp 1 
having a distribution of intensity of finite size. Thus the 
concern is converting with high efficiency the light emitted 
trom this kind of lamp 1 into light with good illumination 
uniformity . 

The device shown in figure 5 is a device having a structure 
using a conventional representative light condensing method, 
and herein lamp 1 is placed at the first focal point of 
elliptical reflecting mirrors 2, and the light rays are 
collected at once near the second focal point 3 of elliptical 
reflecting mirrors 2. Furthermore, the light rays are 
''^^u^'u nearly parallel light rays by input lens 4, 

which has a focal point positioned at substantially same place 
as second focal point 3, and said light rays then enter 
optical integrator 5. Optical integrator 5 is a device having 
a plurality of bundled rod-shaped lenses, which can be 
considered a fly-eye. 

The main purpose of passing light rays through this optical 
integrator 5 is to boost illumination uniformity, while input 



• 



lens 4 serves the purpose of reducing vignetting in the light 
rays that pass through optical integrator 5 in order to boost 
light condensing efficiency. Light which emerges from optical 
integrator 5 is collected by output lens 6 and collimation 
lens 7 so that light rays from each small lens in optical 
integrator 5 may overlap on reticule 8. Light rays which are 
caused to be incident on optical integrator 5 have an 
intensity distribution that depends on location, but light 
emerging from the small lenses of optical integrator 5 
substantially uniformly overlap, and as a result, the 
illumination intensity on reticule 8 is substantially uniform. 
Naturally, the more nearly uniform the intensity distribution 
of light incident on optical integrator 5, the more uniform 
the illumination intensity distribution of light outputted 
therefrom and overlapping on reticule 8. Aperture stop 9 is 
placed on the exit side of optical integrator 5 and determines 
the dimension on the exit side of optical integrator 5. 



When a mercury lamp is used as lamp 1 and the light therefrom 
IS collected by elliptical reflecting mirrors 2, the structure 
of the mercury lamp is such that the lamp extends vertically 
with electrodes at both ends, as shown in figure 2, 

(TRANSLATOR'S NOTE: This should be figure 5, I think) 

and consequently, it is impossible to extract light rays in 
the sideways direction from lamp 1. As shown in figure 5, 
there are cases where the intensity distribution of light 
entering the center portion of optical integrator 5 falls only 
when a convex lens is used as input lens 4. Thus, there are 
cases where the intensity distribution of the light entering 
optical integrator 5 is further made uniform by inserting a 
biconvex or a meniscus conical lens between input lens 4 and 
optical integrator 5, 



Filter 10 is a filter which allows only light of wavelengths 
for which the optical system has corrected aberrations to pass 
through, while cold mirrors 11 and 12 serve the purpose of 
bending the optical path so as to reduce the height of the 
device while causing the long wavelength light rays 



to pass through and be absorbed in the cooling-capable portion 
of lamp housing 13. Light rays which illuminate reticule 8 
pass through projection optical system 14, so that the image 
of very fine patterns on reticule 8 are projected and exposed 
on the resist on wafer 15, A stop 16 exists in projection 
optical system 14 to determine the numerical aperture. 



Tnere are numerous types of configurations for conventional 
projection exposure devices other than that shown in figure 5, 



but schematically, a light source 17, first condensing optical 
system 18, homogenizing optical system 19, second condensing 
optical system 20, reticule 8, projection optical system 14 
and wafer 15 are arranged in order, as shown in figure 6. 



The first condensing optical system 18 is a portion that 
corresponds to elliptical reflecting mirrors 2 and input lens 
4 in the example shown in figure 5, and consists of spherical 
mirrors, planar mirrors and lenses and the like in addition to 
elliptical mirrors, said items suitably arranged so that light 
rays from the light source enter homogenizing optical system 
19 with as great an efficiency as possible. In addition, 
homogenizing optical system 1 9 is a portion corresponding to 
optical integrator 5 in figure 2, 

(translator's NOTE: Again, I think this should be figure 5) 

and besides this, uses multi-plane prisms and optical fibers 
or the like. 



Second condensing optical system. 20 is a portion corresponding 
to output mirror lens 6 and collimation lens 7 in figure 5, 
and this system causes light rays output from homogenizing 
optical system 19 to overlap and in addition assures image 
plane telecentricity . Besides this, a filter corresponding to 
filter 10 in figure 5 is inserted at a location where the 
light rays are nearly parallel to the optical axis, and in 
addition, reflecting mirrors corresponding to cold mirrors 11 
and 12 are inserted, although the location of such is not 
critical , 



In a device having this type of configuration, the properties 
of light when viewed from the reticule 8 toward the side which 
light is coming from are the properties of light which passes 
through second condensing optical system 2 0 with emerging from 
homogenizing optical system 19, so that the exit side of the 
homogenizing optical system 19 appears to be a light source. 
Consequently, in the case of the above-described 
configuration, the exit side 24 of the homogenizing optical 
system 19 is generally called the secondary light source. 



When reticule 8 is projected onto wafer 15, the 
characteristics of formation of the projected and exposed 
pattern, that is to say the resolution and depth of focus, are 
determined by the numerical aperture of projection optical 
system 14 and the properties of light which illuminates 
reticule 8, that is to say, the properties of secondary light 
source 24. Figure 7 is an explanatory diagram relating to 
reticule-illuminating light rays and image-forming light rays 
in the projection and exposure device shown in figure 6. 



• 



In figure 1, projection optical system 14 normally has 
aperture stop 16 inside, and restricts the angle 0a of passage 
of light which has passed through reticule 8 while also 
determining angle 0 of light rays which fall on wafer 15. 



In general, that which is called the numerical aperture NA of 
the projection optical system is the angle determined by NA = 
sin 0, and has the relationship sin 0a = (sin 0)/m, where 1 /m 
is the projection magnification. In addition, in this type of 
device, it is normal to have "image plane telecentricity" , 
that is to say, to have a configuration such that principal 
light rays falling on the image plane are perpendicular to the 
image plane, and in order to satisfy the conditions of this 
image plane telecentricity '* , the real image of the exit 
surface of homogenizing optical system 19 in figure 6, that is 
to say of the light source surface of secondary light source 
24, is caused to be formed at the position of aperture stop 
16. Under these conditions, when the angle formed when the 
secondary light source plane was observed through second 
condensing optical system from reticule 8 is interpreted as 
the range of light incident on reticule 8, and when the 
coherency a of the illuminating light is defined to be a = sin 
4) / sin ©a, where ^ is half of the above-described angle, the 
pattern formation characteristics have traditionally been 
considered to be determined by NA and a. Hereinafter, a 
detailed description of the relationship between NA and a and 
the pattern formation characteristics is provided. The 
resolution increases the larger NA is, but the depth of focus 
becomes shallow and in addition it becomes difficult to 
guarantee a wide exposure range because of aberrations in 
projection optical system 14. When a certain degree of 
exposure range and depth of focus (e.g., 1 0 mm angle, ± 1 ^m) 
do not exist, the device cannot be used for applications to 
actual LSI production and the like, and consequently, there is 
a limit of around NA = 0.35 in conventional devices. On the 
other hand, the value of a is related primarily to the pattern 
cross-sectional shape and depth of focus, and is related to 
the resolution with co-relation to the cross-sectional shape. 
Because the edge of the pattern is accentuated when the value 
of a becomes small, the cross-sectional shape becomes a good 
pattern shape with the side walls nearly perpendicular, but in 
fine patterns, resolution worsens and the focus range where 
resolution is obtained narrows. Conversely, when the value of 
a is large, the resolution and focal point range where 
resolution is obtained become somewhat good in fine patterns, 
but the inclination of the side walls in the pattern cross- 
section eases, and in the case of thick resist, the cross-, 
sectional shape becomes trapezoidal or triangular. 
Consequently, with conventional projection and exposure 
optical devices, the value of a that provides a relative 
balance is set at a = 0.5 to 0.7, and experimentally, no 
conditxons are tested other than conditions such as o = 0. 3 or 



the like. In order to set the value of a, it is preferable to 
determine the size of the light source plane of secondary 
light source 24, and consequently, a circular aperture stop 9 
IS generally positioned immediately behind the light source 
plane of secondary light source 24 in order to set the value 
or a. — 

[ Problems overcome by this invention] 

In this kind of conventional device, only the value of the 
coherency a controlled the properties of the light that 
Illuminates reticule 8, and consequently, when the attempt was 
^ fine pattern while satisfying various 

conditions for depth of focus, uniformity within regions and 
control of line width, there was a limit determined by NA and 
a. Accordingly, when the numerical aperture NA of projection 
optical system 1 4 and the size of secondary light source 24 
were determined, the pattern formation characteristics were 
automatically determined, and furthermore, it became 
impossible to increase the resolution performance. 

In consideration of the foregoing, it is an object of the 
^K^^u" invention to provide a projection exposure device 
Which further improves pattern resolution performance after 
the numerical aperture of the projection optical system and 
the size of the secondary light source used in reticule 
Illumination have been set. 

[Problem solving means] 

In order to achieve the above and other objects, the present 
invention uses a special stop having an annular passing area 
or the like, so that the transmissivity of the periphery is 
higher than that of the center, said stop used in place of 
circular stops used in conventional devices to determine the 
size of the secondary light source. 

[Operation] 

1^ J'^^^^^^ invention, exposure is conducted only with 

light at the periphery of the secondary light source while 
center of the secondary light source is not used 
when the resist is thin, in order to improve resolution. 

[Preferred Embodiment] 

Figures 1 to 4 show the preferred embodiments of the stop used 
to control the secondary light source, as special stops which 
can be applied to the projection and exposure device of the 
present invention. 



stop shown in figure 1 is a stop having an annular passing 



area, and this stop can be composed of a lioht-blocklno 
witr'hiah"t.^^ chrome or the like vaporized onto a sub2?^a?I 
"1^,1^. ^"""Sh tTansmxssxvxty of illuminating light, such aS 
guartz, calcxum fluoride, lithium fluoride or the like ?S 
addition, the stop in fioure 2a is ^ t 
distribution Of t^ransmis'si^vity. This " dr^tJib^t^o^^ o? 

becSmei"Yaro'Lr'""''"f ^""^ ""'^^ ^^^^ transmliSivi?y 

oecomes larger closer to the perimeter, while thi 

ceSer'^fri^Ln"^°? °" completely blocked near tht 

center, as shc*</n m figure 2b. Like the stop shown in fioure 

material nn°t?> "^''^ attaching S light-Slock?ng 

rfJ'-K^ • ^° ^ \ transmissive substrate so as to have a 
distribution of thickness in the radial direction. Thfs can 
type as long as the curve shown in figure 2b is 2 
nerlL^^^'^^^J^^ transmissivity becomes larger closer to ?h2 
Shfih °^ the circle. The stop shown in figure 3 !s a stop 

neJ^Dh^rt ^^''^J^^K°^ ^ plurality of small openings onlj at Si 
f^Z ^^^^ ^top can be made by making holes in a 

r^for.^^^*'^,°^ addition, the stop in f^g^^e 4 is 

simnS? "^"^^ f i^^^^ 1 ^hich il c^eatiS 

simply by cutting pieces out of a metal plate or the like 
with connecting areas- in portions of the circular aperture 

Iht cSnliSrSt inn oJ ^""^ P^^^fnt invention may be the same as 
cne configuration of a conventional device as shown in figure 

moS^tfS^''" ^'*^5 °^ ^tops shown in figures 1 to I 

mounted m place of aperture stop 9. y ' co 4 

tSro^tfeJn^oH^f -^^^''^"''^ ^ changed, the side walls of 

apSrturl Thil ? Perpendicular the smaller the 

h' u.^^ ^° the smaller the o value. On the 

other hand, when the resolution of a fine pattern ±1 

2aSro?K?'aSn;;r'^ S^^"""'^^ s^pZi^eTfrom 
?he a value Whin ^S''^^^^*^' ^° ^^"^ patterns, the larger 

film d^^i-™" ^^P^ °^ resist and the thickness of the 

tinSency fH ^^^^^ tendencies, i.e. the 

«m^T? cross-sectional shape to be better the 

r?^nrpat?ernT^"H^ ""^ ^"l^ tendency fo? the resol^?"n up ^o 
a siitablt o^.i be possible the larger the a value, therS is 
Sith^n tiS ?anoi"o^ "'^^''^ ^^"^^^ pattern can be formed 

ri^ther™™ ? cross-sectional shapes that can be used, 

made tTrnn.V " to be exposed are 

?esLt ^" consideration of using multiple layered 

pS?^erAs are SS?"^ ^.^^ cross-sectional shape of"^ the 

bScomeS a nroh?2 ^1^""^ noticeable, and only the resolution 

a^v°TSe mo^ef trward'Th\^Ta^J^e'/'s 



Because the above-described relationship exists between the 
pattern resolution and the illuminating light, up to fine 
patterns can be resolved the more light toward the outside of 
the. secondary light source is used when the resist layer is 
thin. Accordingly, going one step farther, if only the light 
at the periphery of the secondary light source is used, said 
light being necessary to resolve up to a fine pattern, the 
resolution can be made even higher. 

With the projection and exposure device according to the 
present invention, said device using one of the stops shown in 
figures 1 to 4, it is possible to conduct exposure using only 
light from the periphery of the secondary light source without 
using light from the center of the secondary light source, and 
consequently, if the resist is made thinner, it is possible to 
obtain a very fine crystal pattern which cannot be obtained 
With a conventional device. For example, when a pattern is 
formed using an i-line of wavelength 365 nm, a projection 
magnification of 1/10, a numerical aperture of 0.35 in 
projection optical system 14, a resist OFPR of 800 and a 
thickness of 0 . 5 ^im, with the first embodiment of a projection 
exposure device of the present invention using the annular 
aperture stop shown in figure 1, it was verified that a 
resolution could be obtained up to a line and space pitch of 
0.8 |im and a line width of 0.4 \im, whereas a resolution could 
only be obtained up to a line and space pitch 1 ^m and line 
width of 0.5 \im with a conventional circular aperture stop of 
a = 0.5 as device conditions. The more outer peripheral light 
rays only are used in case where an annular stop is adopted, 
the higher resolution is attained, so -though the effect varies 
depending on the outer shape. (TRANSLATOR'S NOTE: This 
should be outer diameter, I think) as well as inner diameter 
of the annular aperture stop, in either of the cases higher 
resolution is provided than in case where a simple circular 
aperture is adopted. In addition, even when the stops shown 
m figures 2 to 4 are used, results will be created in 
accordance with the distribution of transmissivi ty of light in 
each, and in fact any shape besides these can be used which 
has a high transmissivity toward the outside. 

Furthermore, with the present invention, it has been verified 
that the depth of focus deepens while the resolution 
increases. For example, in the case of the above-described 
resist pattern, the depth of focus becomes no less than ±0.5 
yjn in the case of a 0 . 4 jjim line and space, and not less than 
±1 Um m the case of 0.5 \im line and space. In conventional 
devices, this was around ±0.5 yjn even with a 0 . 5 urn line and 
space, so that substantial improvement can been realized. 

It is also possible to fix the position of this kind of 
special stop in the device, but because it is beneficial to 




use the light near the center of the secondary light source 
when the resist film is thick, as noted above, it is 
beneficial for the special stop and a uniform stop such as a 
conventional circular aperture stop to be interchangeable. 



In addition, if the device is configured as shown in Figure 5, 
and if a conical lens can be inserted/removed to thereby make 
distribution of light entering the optical integrator 5 
changeable over between a periphery annular shape and a 
central concentration shape by inserting/removing the conical 
lens so that a distinction may be made between when to use a 
uniform stop such as a conventional circular stop and when to 
use the special stop, it is possible to use either stop 
properly without deteriorating the use efficiency of light 
rays. Furthermore, the light condensing efficiency can be 
improved even if the focal length and placement position are 
changed by making input lens 4 exchangeable so that the size 
of light rays entering optical integrator 5 can be changed. 
Referring to figure 5, in general the present invention can be 
made even more effective, when a special stop is used, by 
condensing light rays' in a shape similar to the shape of the 
passing area of the special stop with using first condensing 
optical system 18 and by causing these light rays to enter 
homogenizing optical system 19 when a special stop is used. 

[Efficacy of the Invention] 

As described above, the present invention uses a special stop 
having an annular passing area, or the like, so that the 
transmissivity of the periphery is higher than that of the 
center, said stop used in place of circular stops used in 
conventional devices to determine the size of the secondary 
light source, and through this it is possible to form finer 
patterns with deeper depth of focus on thin resist layers than 
is conventionally possible. Consequently, if the present 
invention is applied to production of semiconductor integrated 
circuits or the like, it is possible to realize a large 
improvement in the degree of integration. In addition, 
because the present invention allows this kind of special stop 
to be interchanged with conventional uniform stops, the effect 
is that the present invention can also be used with resist 
having thick film. 

4, Brief Description of the Drawings 

Figures 1 to 4 are planar diagrams showing stops used to 
control the secondary light source as special stops that can 
be applied to the projection and exposure device of the 
present invention, figure 5 is a drawing of the configuration 
of a representative type of conventional projection and 
exposure device, figure 6 is a schematic drawing of the size 
thereof, and figure 7 is an explanatory drawing relating to 
reticule-illuminating light rays and image-forming light rays 



therein . 
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20 second condensing optical system 



24 secondary light source 
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Agent: Masaki Yamakawa (and one other) 
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First condensing optical system 

1 9 homogenizing optical system 

20 second condensing optical system 
14 projection optical system 
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